Abstract. In order to identify the potential factors involved in the development of acute progressive cerebral infarction (PCI), the association between potential risk factors and extraand intracranial arterial lesions was investigated. A total of 608 patients underwent cerebral angiography to analyze the morphological characteristics between the PCI and NPCI groups. In addition, data from numerous cases of extra-and intracranial arterial lesions were collected and compared with the control groups, and the associations between the severity of arterial lesions and the potential influential factors were analyzed. In the blood vessels responsible for cerebral infarction, various degrees of atherosclerotic plaques and stenosis were observed. Age, high-density lipoprotein (HDL) levels, glycosylated hemoglobin and blood pressure affected the degrees of hardening, plaques and stenosis. Analysis of cerebral artery stenosis revealed that age, diabetes mellitus and plasma fibrinogen were risk factors for cerebral artery stenosis, while the HDL/low density lipoprotein ratio was a protective factor. Therefore, the results of the present study indicate that the lesions of blood vessels are a major pathological change in PCI and multiple factors are involved in the pathogenesis.
Introduction
Progressive cerebral infarction (PCI) is a brain disorder caused by insufficient blood supply. Cerebral infarction may lead to cerebral ischemia, hypoxia, necrosis and finally neurological deficit (1) . Recently, studies of cerebral infarction have focused on identifying risk factors. Multiple measures have also been taken, including health education, acute-stage patient care, vascular stenting and surgery, neuroradiology, early rehabilitation. However, the prevention and treatment of cerebral infarction remains largely unsuccessful and the prognosis is severe. Between 50 and 70% of surviving patients are left with paralysis, aphasia and dementia (2) . Therefore, it is particularly important to identify risk factors for the development of PCI.
At present, there are no ideal strategies that effectively prevent the progression of cerebral infarction. With the rapid progress in the treatment of intravascular hydrocephalus and the continuous improvement of interventional equipment, stenting and angioplasty are feasible in the treatment of intracranial vascular stenosis (3) . These treatments are recommended for patients with intracranial arterial stenosis who do not respond well to medical treatment or whose arterial stenosis is >50%, according to the guidelines from the American Society of Interventional and Therapeutic Neuroradiology, the American Society of Interventional Radiology and the American Society of Neuroradiology (4) . However, the clinical value of vascular balloon angioplasty and stent implantation in preventing the progression of cerebral infarction remains unknown.
The present study enrolled patients with PCI and those with non-progressive cerebral infarction (NPCI) in order to compare and analyze the cerebral angiographic characteristics. Differences in vascular stenosis and vascular morphology were revealed by cerebral angiography. The aim of the present study was to provide further theoretical basis for interventional therapy of cerebrovascular disease.
Materials and methods
Case selection criteria. Data from 608 PCI patients (male 419, female 189) admitted to the Department of Internal Medicine at Shilong People's Hospital (Guangdong, China) were collected between May 2010 and May 2013. The inclusion criteria met the diagnostic criteria set in the first edition of the Chinese Guidelines for Cerebrovascular Disease Prevention (5) and were confirmed by head computed tomography or magnetic resonance imaging examinations. The patients were divided into two groups: PCI and NPCI groups. The PCI group included patients who had been admitted within 24 h after the onset of the disease, but had not been treated within 6 h of onset. The diseases were progressing and the patients scored ≥2 points according to the United
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States National Institute of Health Stroke Scale (NIHSS) (6) . The NPCI group (control group) included patients who were admitted within 24 h after onset and whose diseases had reached the peak, thus progression had stopped 6 h after onset. These patients scored <2 points on the NIHSS. The study protocol was approved by the Institutional Ethical Committee for Research on Human Subjects (Guangzhou, China) and informed written consent was obtained from each patient.
Carotid artery ultrasonography. To examine the extent of common carotid artery atherosclerosis, the intima media thickness (IMT) and the vessel diameters were measured by ultrasonography. The severity of the carotid artery lesions was classified into four groups: Normal (IMT ≤0.9 mm), hardening (0.9 mm<IMT≤1.5 mm), plaque formation (IMT>1.5 mm) and stenosis (narrowing, >30%).
Cerebral angiography. A Seldinger puncture was created in the femoral arteries of patients from the two groups. Angiography was performed using catheters at the aortic arch, bilateral common carotid arteries and vertebral arteries. Based on the North America Symptomatic Carotid Endarterectomy Trial method (7), vascular stenosis was Table I . Association of potential risk factors with severity of carotid atherosclerosis. assessed by doctors experienced in neurointervention. The degree of cerebral artery stenosis was classified into two groups based on the reduction in vessel diameter: Mild stenosis (≤50%) and severe stenosis (>50%). The severity of arterial lesions was evaluated.
Statistical analysis. Continuous data are presented as mean ± SD and were analyzed with a Student's t-test or one-way analysis of variance (when the variance was irregular Welch correction was used). Categorical data were analyzed with a χ 2 test. To identify the potential risk factors for the development of PCI, the linear regression method and multivariate logistic regression analyses were used. P<0.05 was considered to indicate a statistically significant difference.
Results
Single factor analysis. Associations between multiple potential risk factors and carotid artery atherosclerosis were firstly analyzed. As shown in Table I , the incidence rate of diabetes was significantly higher in patients with carotid artery atherosclerosis when compared with those with normal carotid arteries (χ 2 =18.988; P<0.01). As the severity of atherosclerosis increased, the diabetes incidence also increased, indicating the involvement of diabetes in the pathogenesis of carotid artery atherosclerosis. Similarly to diabetes, the incidence of hypertension was also significantly higher in patients with carotid artery atherosclerosis when compared with those with normal carotid arteries (χ 2 =82.107; P<0.01). The incidence of hypertension increased to 90% in patients with carotid artery stenosis, demonstrating the Table II . Association between potential risk factors with the severity of cerebral artery stenosis.
Cerebral artery stenosis effect of hypertension on carotid artery stenosis. Hyperlipidemia was more common among patients with impaired carotid arteries, despite the less evident difference in the incidence (χ 2 =10.312; P=0.016). Notably, other factors, including smoking, alcohol consumption, cholesterol and lipoprotein, were not significantly different between the normal carotid artery and the dysfunctional carotid artery groups. The ages of the patients varied among the groups with different carotid artery lesions. Stenosis occurred more frequently in older patients.
In addition, whether the factors listed in Table I contributed to the development of cerebral artery stenosis was investigated. As shown in Table II , diabetes, hypertension, hyperlipidemia and age were associated with the severity of cerebral artery stenosis, exhibiting a similar pattern to carotid artery atherosclerosis. However, smoking and alcohol consumption was also demonstrated to affect the narrowing of cerebral arteries, contrary to carotid arteries.
Furthermore, whether these factors were involved in the development of neurological deficits, including stroke and progressive stroke, was investigated. The factors that contributed to the severity of cerebral stenosis (Table II) also affected the incidence of stroke (Table III) in a similar manner. This observation also enhances the correlation of stroke and cerebral artery stenosis. However, the data showed that only hyperlipidemia, alcohol consumption and age were significantly different between the patients with or without progressive stroke (Table IV; P<0.05).
Multivariate logistic regression analysis. Multiple linear regression analysis revealed that multicollinearity existed between systolic and diastolic pressure, total cholesterol and LDL. Due to extensive variance, two factors (diastolic blood pressure and total cholesterol) were rejected in the model and the results are shown in Table V . The results demonstrated that these factors exhibited significant differences at various levels of carotid artery atherosclerosis (hardened, hardened plaque and stenosis groups), when compared with the normal group. The odds ratio was set at >1 for risk factors and otherwise protective factors. As shown in Table VI , the influencing factors of cerebral artery stenosis included age, diabetes, plasma fibrinogen and HLR (HDL/LDL ratio), among which age, diabetes mellitus and plasma fibrinogen were identified as risk factors, whereas HLR was a protective factor. As shown in Table VII , risk factors were also identified for stroke. These included fasting blood glucose and smoking.
However, multivariate analysis of the bivariate correlation between progressive stroke and cerebral artery atherosclerosis exhibited no significant correlation (Table VIII) . For effects of fasting blood glucose and plasma fibrinogen (FIB) classification, as shown in Table IX , age, diabetes and smoking were important factors for carotid atherosclerosis. Similarly, age and diabetes were also the important factors in FIB classification of cerebral artery stenosis (Table X) .
Discussion
PCI is a refractory cerebral vascular disease with an incidence rate of 20-30% in patients with cerebral infarction. PCI often leads to brain deterioration and thereby significantly increases the mortality rate (8-10). The occurrence and development Table IV . Association between potential risk factors and progressive stroke.
Progressive stroke Table VIII . Logistic regression analysis of factors affecting progressive stroke. International normalized ratio and glycated hemoglobin were protective factors (P<0.05), fasting blood glucose, age and alcohol consumption were risk factors (P<0.05). In total factor model, only 57 cases occurred progressive stroke so the single factor was age, hyperlipidemia, drinking, international normalized ratio, fasting blood glucose, glycated hemoglobin (P=0.057). CI, confidence interval; OR, odds ratio; SE, standard error. of PCI are affected by a number of factors and mechanisms. Among the numerous risk factors, atherosclerosis, stenosis or occlusion of the trunk and main branches of cerebral arteries are major independent risk factors (11) . Consistent with a previous study (12) , the data of the present study demonstrated that the corresponding vessels in the infarction region had various degrees of vascular sclerosis and stenosis. Multiple mechanisms of cerebral infarction caused by atherosclerosis have been proposed, including intravascular thrombosis, vascular stenosis and reduced perfusion pressure in terminal cerebral vessels (8) . When intravascular plaques detach from the arterial thrombus or atherosclerosis directly involves the perforator vessels, cerebral infarction may occur. The atherosclerotic vessels are more prone to thrombosis, which aggravates the preexisting vascular stenosis or occlusion (13) . Thrombosis may exacerbate cerebral ischemia unless collateral circulation is formed in time. When collateral circulation does not form, cerebral infarction becomes progressive. Stenosis of the cerebral vessels is an additional mechanism underlying the progression of infarction (14) . The narrowed cerebral vessels are more likely to have local thrombosis. Thrombosis may extend to the distal vessels resulting in stenosis, and detachment of the thrombus from the wall may also cause an arterial embolism (15, 16) . When stenosis occurs in the internal carotid, vertebral basilar or other medium-sized arteries, blood flow to the distal branches decreases. With low perfusion, the distal narrowed vessels fail to form effective collateral circulation to bypass the blockage. The results of the present study revealed that atherosclerotic plaques and stenosis existed in the corresponding vessels of cerebral infarction. These observations indicate that cerebral vascular lesions play an important role in the pathogenesis of PCI. In addition, the current study identified that numerous factors, including age, HDL, glycosylated hemoglobin and blood parameters, correlated with the severity of atherosclerosis, plaque formation and stenosis in the carotid artery. Factors affecting cerebral artery stenosis were also identified, including age, diabetes, plasma fibrinogen and HLR, among which age, diabetes mellitus and plasma fibrinogen were risk factors, while HLR was a protective factor. Therefore, in patients with acute cerebral infarction, early treatment of vascular stenosis and cerebral artery recanalization may improve cerebral perfusion, thus, prevent the progression and recurrence of cerebral infarction. A previous study demonstrated that placing a stent in the narrowed vessels of patients with PCI, particularly in those with artery stenosis when performed within 16 h of disease onset and treated within 8 h, achieves favorable effects (17) .
95% CI of OR value ------------------------------------------------------
-------------------------------------------------------
95% CI of OR value ---------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------
In conclusion, the results of the present study indicate that the lesions of responsible blood vessels play an important role in PCI. The observations provide supporting evidence for interventional therapy for cerebrovascular disease.
